tubes surrounded by plastic moderator, without interference by Abstract-Conventional neutron detectors consisting of 3He gamma background, but any information about the incident tubes surrounded by a plastic moderator can be quite efficient in neutron direction is lost during the multiple-collision process detecting fission spectrum neutrons, but do not indicate the of thermalization. This paper describes a practical method to direction of the incident radiation. We have developed a new directional~~~~~~~~~~~~~~deetrbsdo.obepoo eoli w use plastic scintillators for directional detection of fissiondirectional detector based on double proton recoil In two spcrumnurn,s st oaeapitsuc tln separated planes of plastic scintillators. This method allows the spectrum neutrons, so as to locate a point source at long spectrum of the neutrons to be measured by a combination of distances despite the higher total count rate coming from the peak amplitude in the first plane and time of flight to the second isotropic background. plane. It also allows the determination of the angle of scattering in
image that indicates the presence of a localized source. Typical al. in 1979. The principles of spectroscopy of fast neutrons by background neutron fluences from the interaction of cosmic rays means of double-proton recoil were described as early as 1986 with the atmosphere are low and fairly uniformly distributed in by Walker et. al. who used time-of-flight to measure the angle. Directional detection helps to locate a manmade source in the presence of natural background. Monte Carlo simulations are energy s therangular stribution ofn tron compared with experimental results. emitted by a thermonuclear plasma source [2] . In collaboration with Stony Brook University, our group used this method to Index Terms-Directional detection, fast neutron, fission show that one can distinguish between the energy spectrum of spectrum, proton recoil, special nuclear materials. a spontaneous fission source [3] and the typical cosmic ray background neutron spectrum [4] . Neutron telescopes have been designed for spacecraft studying solar physics [5, 6] and I. INTRODUCTION for beam lines at accelerators [7] but those instruments have T HERE is a growing need for large-area, high sensitivity been designed for energy ranges much higher than those l radiation detectors to determine the presence and location typical of fission neutrons. In 2005, we showed that a 252Cf of special nuclear materials and radiological dispersal devices spontaneous fission source can be located within a wide field at long stand-off distances. Such radioactive materials usually of view using an 8-element directional spectrometer based on emit gamma rays, sometimes emit neutrons spontaneously, and double proton recoil in two planes of scintillators [8, 9] . A can be stimulated to emit both types of radiation by active similar experiment by Mascarenhas et. al. [10] was reported in interrogation using beams of high-energy gammas or neutrons. 2006. At that time, we had started constructing a much larger Conventional large-area radiation monitors consist of plastic detector [11] between the layers is great enough, the time of flight of the 2 scattered neutron between the planes can be used to measure f) Effects of scattering in the air for long ranges. its energy and distinguish it from a Compton scattered gamma ray. Neutrons that are scattered more than once in the front layer do not provide directional information, but multiple scattering in the back layer is allowable. However, at ranges much greater than the dimensions of the detector elements, the maximum intensity does not vary The location of a proton recoil in the vertical direction is Typical histogram data are shown in Fig. 8 reported [8, 9] in which the pixel size was given by the 12.5 Distance of source from front panel (i) cm diameter of the disk-shaped scintillators. However, the continuous readout of the location of events along the new 
